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[57] ABSTRACT 

A bus arbitration apparatus includes N number of hierarchi- 
cal arbitrators, wherein each hierarchical arbitrator con- 
tained in the lowest hierarchy is connected to p number of 
the bus request units. Especially the hierarchical arbitrator of 
each hierarchy has: a selector for generating a selection 
signal based on bus requests from the hierarchical arbitrators 
of a lower hierarchy and priorities of the hierarchical arbi- 
trators of the lower hierarchy, wherein the selection signal 
represents a selected hierarchical arbitrator of the lower 
hierarchy, and for generating the bus request from the 
selected hierarchical arbitrator as a bus request from said 
each hierarchy; and a multiplexer, in response to the selec- 
tion signal, for providing bus cycle information from the 
selected hierarchical arbitrator as bus cycle information of 
said each hierarchy. 

13 Claims, 6 Drawing Sheets 
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FIG. 1 
(PRIOR ART) 
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FIG. 2 
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BUS ARBITRATOR WITH A HIERARCHICAL 
CONTROL STRUCTURE 

FIELD OF THE INVENTION 

The present invention relates to a bus controller for used 
in a bus-based system; and, more particularly, to an 
improved bus arbitrator which can be implemented on a chip 
and is capable of effectively providing an improved bus 
arbitration capability with a hierarchical control structure. 

DESCRIPTION OF THE PRIOR ART 

A bus-based system, such as a microprocessor system, a 
micro-controller, a direct memory access controller(DMAC) 
and the like, is facilitated by a bus structure, otherwise 
referred as a shared bus system, to which various units, such 
as the microprocessors, system controllers and associated 
peripheral devices, can be connected and through which 
they can communicate with each other. The devices con- 
nected to the shared bus structure can transfer data from one 
of the devices to another one or more of the devices under 
the control of a bus arbitrator. 

Referring to FIG. 1, there is shown an exemplary diagram 
of a conventional bus arbitrator to which all, e.g., 8, of the 
bus request units are connected. When bus-requests are 
issued from the bus request units, starting from a bus request 
unit having a higher priority, the bus control is sequentially 
allowed to the request units under the control of the con- 
ventional bus arbitrator. In this case, a priority of each bus 
request unit should be confirmed in the bus arbitrator in 
order to decide on which unit will gain the control of the bus. 
As a result, when the number of the units is increased, there 
is a problem that the bus arbitrator should have a bulky size, 
especially, in case of the implementation on a chip in order 
to simultaneously process a plurality of bus requests there- 
from. Furthermore, when each of the bus request units has 
a different type bus cycle, there is another problem that the 
bus arbitrator has to perform a bus cycle type confirmation 
process as well as a priority confirmation process to thereby 
take a substantial amount of time for carrying out the bus 
arbitration. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the invention to provide a bus 
arbitrator with a hierarchical control structure, for use in a 
bus-based system, which can be implemented a chip in a size 
effective manner and is capable of effectively providing an 
effective bus arbitration operation. 

In accordance with one aspect of the present invention, 
there is provided a bus arbitration apparatus for processing 
bus requests from M number of bus request units, wherein 
M is an integer more than 1, comprising: N number of 
hierarchical arbitrators, wherein each hierarchical arbitrator 
contained in the lowest hierarchy is connected to p number 
of the bus request units, wherein M and P are positive 
integers more than 1. 

In accordance with a preferred embodiment of the present 
invention, the hierarchical arbitrator of each hierarchy 
includes: a selector for generating a selection signal based 
on bus requests from the hierarchical arbitrators of a lower 
hierarchy and priorities of the hierarchical arbitrators of the 
lower hierarchy, wherein the selection signal represents a 
selected hierarchical arbitrator of the lower hierarchy, and 
for generating the bus request from the selected hierarchical 
arbitrator as a bus request from said each hierarchy; and a 
multiplexer, in response to the selection signal, for providing 
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bus cycle information form the selected hierarchical arbi- 
trator as bus cycle information of said each hierarchy. 
Furthermore, the hierarchical arbitrator of the highest hier- 
archy further includes a priority register for storing a pre- 
5 determined priority for each hierarchical arbitrator to gen- 
erate the priority for said each hierarchical arbitrator, 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the present 
10 invention will become apparent from the following descrip- 
tion of preferred embodiments given in conjunction with the 
accompanying drawings, in which: 

FIG. 1 shows a schematic block diagram of a conven- 
tional bus arbitration unit; 
15 FIG. 2 discloses a block diagram of a bus arbitration unit 
in accordance with the present invention; 

FIG. 3 describes a block diagram of a highest level 
hierarchical arbitrator shown in FIG. 2; 
2Q FIG. 4 illustrates a block diagram of a lowest level 
hierarchical arbitrator in accordance with the present inven- 
tion and shown in FIG. 3; 

FIG. 5 provides a detailed diagram of a selector shown in 
FIG. 4; and 

25 FIG. 6. depicts a block diagram of a state table for used 
in the selection operation in accordance with the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

30 ... 

Referring to FIG. 2, there is shown a bus arbitration unit 
in accordance with the present invention. Although M num- 
ber of units can be connected to the bus arbitration unit, for 
the sake of convenience, 8 number of the bus request units 

35 connected to the bus arbitration unit are shown in FIG. 2, 
wherein M is a positive integer more than 1. As shown, the 
bus arbitration unit is also operated as a highest level, e.g., 
T- level, hierarchical arbitrator which includes a selector 12, 
a multiplexer (MUX) 11, a priority register 13, and Q 

40 number, e.g., 2, of lower level, e.g., (M-l)-level, hierarchical 
arbitrators. 14 and 15, wherein Q is a positive integer more 
than 1. 

The selector 12 receives bus request signals, e.g., A-and 
B-bus request signals, from the (M-l)-level hierarchical 

45 arbitrators, e.g., A- and B-hierarchical arbitrators 14 and 15 
and a priority signal from the priority register 13. The 
selector 12 provides a bus request signal to the bus cycle 
state machine and then receives a bus start signal from a bus 
cycle state machine(not shown). In response to a bus start 

50 signal from the bus cycle state machine, the selector 12 
generates a selection signal representing selected one of A- 
and B-hierarchical arbitrators. The selection signal is then 
coupled to the MUX 11. Simultaneously, the selector 12 
provides A- and B-control signals as the bus start signal to 

55 the A- and B-hierarchical arbitrators, respectively, wherein a 
control signal of the selected hierarchical arbitrator has an 
enable state. 

Each priority of the hierarchical arbitrators or each pri- 
ority of the units can be designated in software by a system 

60 designer and stored in the priority register 13. On the other 
hand, the priority can be determined in a predetermined 
hardware sequence. In this case, there are some advantages, 
one of which is that when a priority enable signal of the 
priority registers is "0", the priority can be fixed in hardware 

65 as is further detailed hereinafter, referring to FIG. 6. 

In accordance with the present invention, the bus start 
signal is also provided to the selector 12. That is, at a time 
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of bus cycle, the bus start signals from the bus cycle state 
machine become a high state and, in the selector 12, is 
ANDed with a next signal representing the selection signal. 
As a result, the group selector 12 generates the A-control and 
the B -control signals wherein the A-control signal is fed to 
the A-hierarchical arbitrator 14 and the B-control signal is 
relayed to the B-hierarchical arbitrator 15. When the 
A-hierarchical arbitrator 14 is selected, the A-control signal 
becomes a high state identical to the state of the bus start 
signal. 

The MUX 11 is responsive to the selection signal and 
serves to relay the selected bus cycle information, e.g., an 
address, a command, a bus cycle mode, from the selected 
hierarchical arbitrator to the bus cycle state machine. 

As is described above, when the selector 12 issues the bus 
request signal, in response thereto, the bus state machine 
generates the bus start signal to thereby initiate a bus cycle 
without confirming the requested bus cycle mode. 
Thereafter, in response to the bus start signal, the M level 
hierarchical arbitrator provides the selected bus cycle infor- 
mation to the bus state machine in order to perform an exact 
bus cycle thereby. Therefore, the bus arbitration unit in 
accordance with the present invention can simultaneously 
perform with the bus cycle machine to thereby be imple- 
mented in a high performance bus controller or a high 
performance bus master. 

The size of the priority register 13 is determined by the 
number of the bus request units connected to the bus 
arbitration unit. The priority register stores a priority enable 
bit and a plurality of priority bits. In accordance with the 
preferred embodiment, since two lower level hierarchical 
arbitrators are contained in the higher level hierarchical 
arbitrator, one priority bit denotes the priority of an assigned 
hierarchical arbitrator. It should be readily appreciated that, 
when more lower level arbitrators are connected to the 
higher level arbitrator, more priority bits are assigned to 
represent the priority of the corresponding hierarchical arbi- 
trator. When the priority enable bit is set by "1", the above 
priority determination process is performed by using priority 
information, i.e., the priority bits, prestored in the priority 
register 13. When the priority enable bit is set by "0", the 
priority determination process is performed by a previously 
determined hardware priority. That is, when the priority 
enable signal is "1", the priority bits of the hierarchical 
arbitrators are employed in the priority determination 
process, wherein the priority bit of "1" is higher than the 
priority bit of "0". When both priority bits are identical to 
each other, the hierarchical arbitrators are sequentially 
selected in a predetermined sequence. On the other hand, 
when the priority enable bit is "0", a priority-disable bit is 
coupled to all of the arbitrators wherein when the priority 
disable bit is "1", the priority bits stored in the priority 
register 13 are not considered in the priority determination 
process. 

Referring to FIG. 3, there is shown the A-hierarchical 
arbitrator shown in FIG. 2. The A-hierarchical arbitrator 14 
includes an MUX 21, a selector 22 and two (M-2)-level, e.g., 
lowest level, hierarchical arbitrators 23 and 24. The MUX 21 
and the selector 22 are substantially identical to those of the 
M level arbitrator shown in FIG. 2. As shown, the (M-2) 
level arbitrators represent the lowest level hierarchy since 
the number of the bus register units is illustrated as 8 and two 
bus request units are connected to each of the (M-2)-level 
hierarchical arbitrators 23 and 24. 

Referring to FIG. 4, there is a detailed diagram of an 
A-lowest level hierarchical arbitrator 23. The hierarchical 
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arbitrator 23 contains an MUX 25 and a selector 26 which 
are substantially identical to those of the M level arbitrator 
shown in FIG. 2. Two bus request units are connected to the 
MUX 25 and the bus request signals from two units are fed 
to the selector 26. 

Referring to FIG. 5, there is depicted a selector which is 
commonly employed in each level hierarchical arbitrator. 
The selector includes a N-state block, an OR gate, a control 
signal generation block and a current signal generation 
block. 

Assuming that the selector is the selector 22 shown in 
FIG. 3, the N-state block receives the A- and B-bus request 
signals, a priority enable bit, A- and B-priority bits and a 
current signal to generate a next signal representing a 
selected lower level hierarchical arbitrator, i.e., 
A-hierarchical arbitrator, at next cycle. The A- and B-bus 
request signals are ORed at the OR gate which generates a 
bus request signal which is then coupled to the selector 12 
of the highest level hierarchical arbitrator. The control signal 
generation block has an inverter and two AND gates; and 
receives the next signal and A-control signal from the 
selector 12 of the highest level hierarchical arbitrator to 
generate A- and B-next level control signal, wherein, for 
example, A-next level control signal is then coupled to the 
selector 26 of the lowest level hierarchical arbitrator. The 
current signal generation block is provided with two D-flip 
flops; and receives the next signal and the A-control signal 
to generate the current signal at a falling edge of the 
A-control signal and to generate the next signal as the 
selection signal at rising edge of the A-control signal. 

The A-control signal is ANDed with the inverted next 
signal and the next signal and the A-next control signal and 
the A-next control signal are generated, respectively. That is, 
when the next signal is "0" and the lowest level 
A-hierarchical arbitrator 23 is selected, at rising edge of the 
A-control signal, the selection signal is "0" so that the bus 
cycle information from the lowest level A-hierarchical arbi- 
trator is provided through the MUX 21. During the high state 
of the A-control signal, the A-next control signal becomes a 
high state so that the A-next control signal is provided as the 
bus start signal to the selected lower level arbitrator. On the 
other hand, during the high state of the A-control signal, the 
B-control signal becomes a low state to thereby maintain a 
current state of the lowest level B-hierarchical arbitrator. On 
the other hand, the set enable signal is used in the reset 
operation of the selector 12. 

Assuming that the selector is contained in the A-lowest 
hierarchical arbitrator 23, the A- and B-bus request signals 
from the A- and B-bus request units are relayed to the 
selector 26 and the A- and B-priority signal from the highest 
level selector 12 is fed to the selector 26. At the selector 26, 
the next signal is generated based on the A- and the B-bus 
request signals and the A- and the B-priority signals. The 
next signal is then coupled as a selection signal to the MUX 
25 at the rising edge of the A-control signal to thereby relay 
the bus cycle information from the selected A-bus request 
unit via the MUX 25 to the upper level hierarchical arbitrator 
14. This process is continued until the bus cycle information 
is fed to the bus state machine in which the type of bus cycle 
is tested based on the bus cycle mode contained in the lastly 
selected bus cycle information. On the other hand, since 
there are shown two bus request units, when the selection 
signal is "1", the A-bus request unit is selected by the MUX 
25 and the selection signal is "0", the second unit is selected. 
The current signal is generated at the falling edge of the 
A-control signal based on the next signal and is used in 
generating the another next signal from the selector 26. 
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Referring now to the FIG. 6, there is shown a truth table. 

As shown, when one of the hierarchical arbitrators or the 
bus request units issues a bus request signal, the issued 
hierarchical arbitrator is selected. When the bus request 
signal from both of the hierarchical arbitrators contained in 
the same level are issued (11) and the priority enable signal 
is 1, based on the priority bits thereof, the hierarchical 
arbitrator or the bus request unit having a higher priority is 
selected. When the priorities of two hierarchical arbitrators 
or the bus request units are identical to each other, two units 
are sequentially selected. In this case, since the set enable 
signal become "1", the current signal become 1. On the other 
hand, when the priority enable signal is "0", the hardware 
priority decision process is performed. That is, first, the bus 
request unit issuing the bus request signal is selected. When 
all of the bus request units issue the bus request signals, the 
bus request units are sequentially selected according to the 
predetermined sequence. 

As can be seen from the above, the bus arbitrator in 
accordance with the present invention has a hierarchical 
structure to thereby effectively provide an effective bus 
arbitration in a bus-based system without having a bulky 
chip size. 

While the present invention has been shown and 
described with reference to the particular embodiments, it 
will be apparent to those skilled in the art that many changes 
and modifications may be made without departing from the 
spirit and scope of the invention as defined in the appended 
claims. 

What is claimed is: 

1. A bus arbitration apparatus for processing bus requests 
from M number of bus request units, said bus arbitration 
apparatus also operating as a highest level hierarchical 
arbitrator, comprising: 

Q number of lower level hierarchical arbitrators, each of 
said lower leyel hierarchical arbitrators being con- 
nected to P number of bus request units, wherein M, Q 
and P arc positive integers greater than 1, each hierar- 
chical arbitrator including, 

a selector for generating a selection signal based on bus 
requests from said lower level hierarchical arbitra- 
tors and priorities of the lower level hierarchical 
arbitrators, wherein the selection signal represents a 
selected lower level hierarchical arbitrator, said 
selector for generating a bus request from the 
selected lower level hierarchical arbitrator; and 

a multiplexer, in response to the selection signal for 
providing bus cycle information from the selected 
hierarchical arbitrator; 
wherein said selector includes, 

a N-state block, receiving the bus requests, the priori- 
ties and a current signal, for generating a next signal 
representing a selected lower level hierarchical 
arbitrator, at a next cycle; 

an OR gate for ORing the bus requests to generate the 
bus request generated by the selector which is 
coupled to a higher level hierarchical arbitrator; 

a control signal generation block, receiving the next 
signal and a previous control signal from the higher 
level hierarchical arbitrator, for generating next con- 
trol signals; and 

a current signal generation block, receiving the next 
signal and the previous control signal, for generating 
the current signal at a falling edge of the previous 
control signal and for generating the next signal as 
the selection at a rising edge of the previous control 
signal. 
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2. The bus arbitration unit as recited in claim 1, wherein 
the highest level hierarchical arbitrator further includes a 
priority register for storing a predetermined priority for each 
lower level hierarchical arbitrator. 

3. The bus arbitration apparatus as recited in claim 1, 
wherein M is an even number and P and Q are of 2. 

4. The bus arbitration apparatus as recited in claim 1, 
wherein the bus cycle information includes an address, a 
command and a cycle mode. 

5. The bus arbitration apparatus as recited in claim 1, 
wherein the control signal generation block includes an 
inverter and two AND gate. 

6. The bus arbitration apparatus as recited in claim 5, 
wherein the current signal generation block includes two 
D-flip flops. 

7. The bus arbitration apparatus as recited in claim 6, 
wherein the bus arbitration apparatus is implemented on a 
chip and the previous control signal is a bus control start 
signal. 

8. A bus-based system having a bus arbitration unit and a 
bus cycle machine, the bus arbitration unit providing bus 
cycle information from a selected bus request to the bus 
cycle machine based on bus requests from M number of bus 
request units, said bus arbitration unit also operating as a 
highest level hierarchical arbitrator, comprising: 

Q number of lower level hierarchical arbitrators, each of 
said lower level hierarchical arbitrators being con- 
nected to P number of bus request units, wherein M, Q 
and P are positive integers greater than 1, each hierar- 
chical arbitrator including, 

a selector for generating a selection signal based on bus 
requests from said lower level hierarchical arbitra- 
tors and priorities of the lower level hierarchical 
arbitrators, wherein the selection signal represents a 
selected lower level hierarchical arbitrator, said 
selector for generating a bus request from the 
selected lower level hierarchical arbitrator; and 
a multiplexer, in response to the selection signal, for 

providing bus cycle information from the selected 

hierarchical arbitrator; 
wherein said selector includes, 

a N-state block, receiving the bus requests, the priori- 
ties and a current signal, for generating a next signal 
representing a selected lower level hierarchical 
arbitrator, at a next cycle; 

an OR gate for ORing the bus requests to generate the 
bus request generated by the selector which is 
coupled to a higher level hierarchical arbitrator; 

a control signal generation block, receiving the next 
signal and a previous control signal from the higher 
* level hierarchical arbitrator, for generating next con- 
trol signals; and 

a current signal generation block, receiving the next 
signal and the previous control signal, for generating 
the current signal at a falling edge of the previous 
control signal and for generating the next signal as 
the selection at a rising edge of the previous control 
signal. 

9. The bus-based system as recited in claim 8, wherein the 
control signal generation block includes an inverter and two 
AND gate. 

10. The bus-based system as recited in claim 9, wherein 
the current signal generation block includes two D-flip flops. 

11. The bus-based system as recited in claim 10, wherein 
the bus arbitration apparatus is implemented on a chip and 
the previous control signal is a bus control start signal. 
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12. The bus-based system as recited in claim 8, wherein 
the highest level hierarchical arbitrator further includes a 
priority register for storing a predetermined priority for each 
lower level hierarchical arbitrator. 

13 . A bus arbitration apparatus for processing bus requests 5 
from a plurality of bus request units, said bus arbitration 
apparatus also operating as a highest level hierarchical 
arbitrator, comprising: 

a plurality of lower level hierarchical arbitrators, each of 
said plurality of lower level hierarchical arbitrators 10 
being connected to at least two bus request units, the 
highest level hierarchical arbitrator and each of said 
plurality of lower level hierarchical arbitrators 
including, 



8 

a selector for generating, using a N-state block receiv- 
ing bus requests from said lower level hierarchical 
arbitrators and stored priorities of said lower level 
hierarchical arbitrators, a selection signal represent- 
ing a selected lower level hierarchical arbitrator, said 
selector including an OR gate for ORing the bus 
requests from the lower level hierarchical arbitrators 
to generate a bus request which is coupled to a higher 
level hierarchical arbitrator; and 

a multiplexer for providing, in response to the selection 
signal, bus cycle information from the selected hier- 
archical arbitrator. 

* * * * * 
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